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I. INTRODUCTION
The statistics show that the electricity consumption of the government office buildings and large public buildings accounts for about 22% of the total electricity consumption in China. The average annual electricity consumption per square meters reached 85.4kWh in China, 10 to 20 times of normal residential dwellings, and 1.5 to 2 times of similar buildings in Europe and Japan [1] . The electricity consumption of air conditioners increased substantially in summer and winter, which become the major electrical equipment. The comprehensive energy analysis of buildings based on sub-metering data is an important basis for the establishment of a sound scientific energy saving mode and optimization operation scheme. It can monitor energy consumption status, discover and correct energy wasting in real time.
The energy efficiency analysis of buildings focuses on the analysis and prediction of the energy consumption characteristics, and the fault detection of main equipment. Ref. [2] proposes an intelligent data analysis method for  Manuscript received May 5, 2015; revised August 3, 2015. the automated classification of energy consumption profiles of buildings, including feature extraction of the daily load profiles, the outlier detection, and the canonical variation analysis, and a simple classifier. Finally, a case study is presented to demonstrate the performance of the method. Ref. [3] proposes a method for analyzing 15-minute interval electric load data from commercial and industrial facilities. The analysis results help building managers better understand their facility's power consumption overtime, and contribute to building demand response, peak load management and electricity waste elimination. However, the existing research mainly paid attention on the whole buildings or the facilities neglecting the association relationships among the subbrunch energy consumption systems. It is essential to learn the knowledge of the association relationships among the sub-metering data to establish scientific energy saving mode and conduct optimization operation.
Association analysis is a data mining technique to discover meaningful relationships hidden in large data sets which are expressed in the form of association rules or frequent item sets. Association rules have been widely used in the financial, medical, power marketing, and equipment fault detection fields [4] - [7] . However, association analysis is seldom applied in the energy efficiency analysis of buildings. The association analysis is applied in the power marketing to search association relationships between electricity sales and the electricity price, temperature, precipitation etc. [8] . Ref. [9] proposes a real-time data analysis system based on the association analysis to determine the optimum operation parameters of generator sets and evaluate the operation level of plants. The paper presents a comprehensive energy efficiency analysis technique based on PF-Growth associate rules to reveal the association relationships among the electricity consumption of each sub-system as well as temperature data. This paper is organized as follows: Section II presents a procedure of the comprehensive energy efficiency analysis of building. Section III introduces the foundation of the cluster analysis and association analysis technique. Section IV presents a case study to illustrate the procedure of the comprehensive energy efficiency analysis. Section VI summarizes the main findings of this paper.
II. ENERGY EFFICIENCY ANALYSIS PROCEDURE
Energy efficiency analysis is to analyze and predict the energy consumption characteristics of buildings. It can reveal the effect laws of the environment and temperature on the energy consumption through the fusion and integration of the meteorological factors such as temperature, humidity, sunshine, etc. and the submetering energy consumption. Based on the analysis results, the building managers can effectively manage the electricity demand and optimize the operation scheme to reduce the power consumption and achieve green buildings [10] - [11] . A procedure of energy efficiency analysis based on cluster and association rules for buildings is presented in the paper as shown in Fig. 1 , including four steps: 1) Data pre-processing: the sub-metering data may be missed or abnormal during the sampling, transmission and recording because of the disturbances or faults. In addition, the characteristic laws of the load profiles may vary during the holidays and weekends, which will affect the potentiality of the data mining. Therefore, it should perform data pre-processing before the cluster and association rule analysis. The main task of the data preprocessing is to complete missing data and clean abnormal data. It is suggested to use the methods of mean value or trend proportion to modify the abnormal data with clear cause, and to delete the abnormal data with unclear cause [12] - [15] . After the data pre-processing, the complete energy consumption data including the total electricity consumption data, the electricity consumption data of the sub-metering systems, and weather temperature data can be obtained.
2) Data generalization: it performs generalization processing on the data after pre-processing by adopting K-means algorithm to obtain generalization data sets.
3) Association rules: it performs association rule analysis on the generalization data sets with FP-Growth algorithm to obtain strong association rules among the sub-metering data.
4) Analysis results: the analysis results are given based on the strong association rules.
III. KEY TECHNOLOGIES

A. Cluster Analysis
Cluster analysis is to group the set of data such as the daily load profiles, electricity consumption data of subsystems or weather temperature in such a way that the data in the same group (called a cluster) are more similar to each other than those in other groups (clusters). The greater similarity within the same groups and the greater difference within different groups, the better the clustering results are [16] . The K-means algorithm is adopted in the paper. The detailed steps are as follows:
1) For a given data set consisted of n×d dimension
, select K samples in the data set as the initial clustering centers, each of which represents a center μ k (k=1, 2, ..., K) of the clusters.
2) Calculate the Euclidean distance between each sample to the center μ k , and assign each sample to the corresponding cluster represented by the center μ k with the nearest distance law to form K clusters C={c k , k=1, 2, …, K}, where c k represents a cluster. Then calculate the sum J(c k ) of the square of the distance between each sample to the corresponding clustering center μ k as:
3) Calculate the sum J(C) as follows
where
4) Go back to the step 2 if J(C) changes otherwise end the clustering [17] - [18] .
B. Association Rules
Let D={M 1 , M 2 , …, M n } be a set of transactions called the database, where each transaction M j (j=1, 2, …, n) in D contains a subsets of the items i k . Let I={i 1 , i 2 , …, i m } be the set of items. A rule is defined as an implication of the form X→Y where X, Y  I and X∩Y=∅. The support and confidence of association rules are adopted as the constraints to select interesting rules from the set of all possible rules as shown in Table I , where σ(X) is the number of specific item sets expressed as
The mining process of association rules mainly consists of the following two separate steps: 1) Generate the frequent itemsets. The minimum support is applied to find all the frequent itemsets;
2) Form the strong association rules. Extract all high confidence rules from frequent items to form strong association rules. 
The probability of the transaction in D that contains both itemset X and Y, representing significance of the given items
The probability of the transaction that contains both X and Y in the transaction that contains X, representing the estimate of the conditional probability
C. FP-Growth Algorithm
In this paper, in the process of analyzing electricity consumption for office buildings, all frequent item sets are found by FP-Growth algorithm and then strong association rules are generated.
1) Basic steps of FP-growth algorithm
Enter for a data set including the building's total electricity consumption, electricity consumption of air conditioning, air conditioning switch status, weather temperature, etc., and a minimum support threshold. Output for frequent item set l.
Step 1: Construct FP-Tree (a) Scan the data set for first time, select all frequent item sets F whose support is greater than the minimum support threshold, then arrange the frequent item sets in descending order. The results are recorded as frequent item list L.
(b) Create a tree root represented by "null". Scan the database for second time, frequent item sets selected create a branch and insert FP-Tree by the order of frequent items in list L.
Step 2: Obtain association rules through FP-Tree mining (a) If the tree contains only a single path, output frequent itemsets assembled by each nodes in the path.
(b) If the tree contains multiple paths, start from frequent pattern whose length is 1(the initial suffix pattern), and collect its prefix path (condition pattern base). Then build the condition FP tree, which is mined recursively. Frequent patterns are generated by connecting suffix pattern with frequent item sets tree [19] .
2) Generate strong association rules Frequent item sets l are generated by FP-Growth algorithm, the process of generating strong association rules is as follows:
(a) Generates all non-empty sets of l; (b) For each non-empty sets of l,
, output the rule s→r. in which min_conf is the minimum confidence threshold. Because the rule is generated by frequent item sets l meeting the minimum support threshold, it is necessarily strong association rule [20] .
IV. CASE STUDY
The data in the case study comes from office buildings in Shanghai from July to September including electricity consumption of building's and air conditioning units. Fig.  2 is a block diagram of the distribution of office buildings. Sub-metering meters includes the total meter of the office buildings, the 19th Building meter, the Building C meter, the Building D meter, the total meter of air conditionings and 4 air-conditioning units meters. 
A. Typical Load Profiles Extracting
The data obtained are readings of meters per minute, so it was converted to power data of 15-minute interval firstly. Divide the meter readings into groups of every 15 minutes, and the 15th minute meter reading minus the 1st minute meter reading and then dividing the time of every group to obtain the average load data. In order to show a clear trend of the load, we use electricity consumption of 15-minute interval as each point of load profiles. A total of 42 days of load data from July 26 to September 5 was obtained after data pre-processing. Fig. 3 is the office buildings working load curve for 30 days only considering the load of workdays. The load profiles are mined with K-means algorithm to get quite different types of profiles. To determine the best clustering results, the DB index is adopted to assess the result of clustering analysis. The smaller DB index is, the better clustering analysis will be. 
B. Generalized Data Sets
The power consumption and temperature data were categorized to get generalized data sets, which can reduce the number of continuous property values. Continuous data is discreted by K-means algorithm to get the labels of clusters instead of the actual data values. Structured, clear logic discreted data sets constitute the data sources of association rules, and prepare the necessary conditions for data mining. Specific process is as follows:
Daily consumption of office buildings, air conditioning, and temperature are respectively divided into three intervals: a low level, middle level and high level, which are analyzed with K-means algorithm. In order to study the correlation between the four air conditioning units, Air conditioner is treated as on when daily consumption of air conditioning units is bigger than or equal to 100 kWh, the air conditioner is treated as off when its daily consumption is less than 100kWh. So we get generalization grade range as shown in Table III .
Power data and temperature data were classified according to their level of generalization grade ranges, and we obtain Generalization datasets as Table IV. In  Table IV , E1, E2, E3 respectively stand for the low level, the middle level and the high level of the electricity of whole building. A1, A2, A3 stand for three levels of total electricity consumption of air conditioners. Three levels of temperature are represented by T1, T2, T3. And a, b, c, d respectively represent switch condition of 4 air conditioners, a1 represents 1 # air conditioner is on, a0 represents 1 # air conditioner is off, and so on. A1  a1  b1  c0  d0  T1  2014/8/21  E1  A1  a0  b1  c1  d0  T2  2014/8/22  E2  A2  a0  b0  c1  d0  T2  2014/8/25  E2  A2  a1  b0  c1  d0  T2  2014/8/26  E2  A2  a1  b0  c1  d0  T2  2014/8/27  E1  A1  a1  b0  c1  d0  T1  2014/8/28  E2  A2  a0  b0  c1  d0  T2  2014/8/29  E2  A2  a0  b0  c1  d0  T1  2014/9/1  E2  A2  a0  b0  c1  d0  T2  2014/9/2  E2  A2  a1  b0  c1  d0  T2  2014/9/3  E2  A2  a1  b0  c1  d0  T1  2014/9/4  E2  A2  a0  b0  c1  d0  T2  2014/9/5  E2  A2  a0  b0  c1  d0  T2 C. Obtain Association Rules Enter generalized data sets and the minimum support threshold into FP-Growth algorithm, run in the Visual C++ platform, to generate frequent sets, then frequent sets were mined to generate strong association rules, which are shown in Table V as results of comprehensive energy-efficiency analysis. 
D. Analysis of Rules 1) Effect of air conditioners on the total electricity consumption of the building
Through analyzing Rule 1, Rule 2 and Rule 3, when power consumption of air conditioner are respectively at a high, medium and low level, total electricity consumption in buildings must be at corresponding levels. So the load of air conditioners in summer has a very important impact on the total load of the building.
2) Associations among the air conditioning units Through analyzing Rule 4, Rule 5 and Rule 6, the air conditioner 4 # (d0) has a greater impact on the air conditioner 3 # (c1), that is the association of airconditioner 3 # and 4 # is highest, as the environment and the air temperature is more similar in the same branch.
3) Effect of temperature on the air conditioners Through analyzing Rule 7, Rule 12, Rule 7 shows that when the temperature is in the range of 27.5-31.5, air conditioner 3 # will be on. And the support threshold of Rule 12 is slightly lower than that of Rule 7, down from 0.567 to 0.5, indicating that under the premise of temperature T2, the time of air conditioning 3# in the on state is mainly the time of air conditioner 4# on the off state and the confidence threshold reach to 1.
4) Associations between temperature and the total electricity consumption of the building
Through analyzing Rule 8, Rule9 and Rule 10, the temperature and the electricity consumption of the building have a very close relationship. Rule 9 shows that temperature and power consumption is at the middle level in most of the time, that is to say when the temperature is in the range of 27.5-31.5, the total electricity consumption of the building will be in the 12550 ~ 15560 kWh in probability of 76.5%. Rule 10 shows that once the temperature reaches above 31.5 degrees, electricity consumption must be at a high level.
V. CONCLUSION AND FURTHER WORK
This article s proposes a method of energy efficiency of buildings based on the data mining, and researches the dynamic comprehensive energy efficiency analysis for office buildings based on the demand response. The total electricity consumption of the office building, power consumption of air conditioners and meteorological data were mined by cluster analysis and association analysis and got some strong association rules, which provide evidence of improving energy efficiency of the building. During the study, data preprocessing plays a vital role in improving the accuracy of the results, and the amount of data objects is not too much have an impact on the applicability of the results. Further work will focus on addressing the lack of historical data and considering more factors of affecting electricity consumption of the building, so we can get richer and more accurate association rules.
